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THE NWS SIMPLIFIED DAM BREARK FLOOD PORECASTING MODEL
- FOR DESK-TOP AND HAND-RELD MICROCOMPUTERS

Jonathan N. Wetmore and Danny L. !readl
SYNOPSIS

The National Weather Service (NWS) has developed a simplified procedure
that utilizes desk-top or hand-held microcomputers for predicting downstreanm
flooding produced by a dam failure. This procedure, known as the Simplified
Dam Break (SMPDBK) Flood Forecascing Model, produces information needed for
delineating areas eandangered by dam break floodwaters while substantially
reduciag the amouat of zime, data, compucter facilicies, and technical
expertise required in employing more highly sophisticated unsteady flow
routing models. With only an inexpensive microcomputer and a minimal amount
of data, the user may within ainutes predict the dam break floodwave peak
flows, depths, and travel times at selected dowvnstream points. This
capacity for providing results quickly and efficiently should make the
SMPDBK model a useful forecasting tool in a dam failure emergency when
varning response time is short, little data are available, and large -
computer facilities are inaccessible. However, the SMPDBK model should
Prove even more useful for "pre-event” dam failure analysis by emergency
management personnel engaged in preparing disaster contingency plans when
the use of other flood routing models is precluded by limited resourcas.

The SMPDBK model is designed for interactive use ({.e., che computer
prompts the user for information on the dam, reservoir, and downstream
channel and the user responds by entering the appropriate data values), and
it allows the user to enter as mich or as little data as are available,
dutomatically using preprogrammed defaults when the response to a prompt
indicates the data is not available. Using che internally set default
values, SMPDBK is capable of producing approximate flood forecasts after
reading in only the dam height, reservoir storage volume, and depth-vs.-
width data for one cross-section of the downstream river valley (determined
from on~site inspection or topographic maps). If however, the user has
access cto additional informacion ({.e., the rteservoir surface area,
estimaces of the final width and depth of the breach, the time required for
breach formation, the turbine/spillway/overtopping flow, the slope of the
channel and the Manning roughness .coefficient, flood depth (depth where
flooding becomes a problem), and elevation=vs.-width data for up to five
downstream channel cross—sections), the model will ucilize this i{information
to enhance the accuracy of the forscast.
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Ia producing the dam break flood forscast, the SMPD3K model firse com=
putas the peak cutflow at the dam, based on the reservoir size and che tem~
poral and gecmecrical descripticn of the breach. The computed floodwave and
channel properties are used in conjunction with roucing curves to determine
how the peak flow will be diminished as i moves dowunstrsam. Based on this
predicted floodwave reduction, the mzodel computes the peak flows at speci-
fied downscresm poiats with an average error of +10 percent or less. The
model then computes the depth raached by the peak flow based on the channel
geometTy, slope, and roughness at these downstrasam points. ThHe model also
computas the time required for the peak to reach each forecast point and, if
the user entered a flcod depth for the poiat, the time at which that depch
is reached as vell as when the floodwave recsdes below chat depth, thus
providing cthe user with a time frame for evacuation and fortification on
whichh the preparednass plan may be bdasad.

The SMPDBK model has perforzed well i3 testc similacions of the £loodizg
produced by the failure of Teton Dam and the Buffalo Cresek "ccal wasce” Dam,
as wvell as in numercus theorstical dam failure simulacions whers the
prograssion of the floodwave was not significantly altered by backwacer
effects crsatad by downscream dams or bridge embankments, the prasencs of
vhich can substantially reducs the mo0del’s accuracy. I3 speed and ease of
use recommend it well for use in emergencies. However, emergencies ars noc N
the only situacions where it can be useful; planners, designers, emargency .
aanagers, and coasulting engineers respousible for predicting the potanciiD X,
effecss of a dam failure may employ the model iz sicuacions whars backwacer
effacts are not significant for pre-event delineaticn of areas facing danger
should a particular dam fail,

I. INT200UCTION

The devastation that occurs as izpcunded reservoir wacer escapes
through the breach of a failed dam and rushes downscream is gquick and
deadly. This potential for disascrous £lash flooding poses 2 grave threat
to 2any communities located downstream of dams. Indeed, a -2perz by cthe
U.Se Army (1975) tadicaces 20,000 dams in che U.S. are “so locaced that
failure of the dam could resul: {n loss of human liZe and aporeciable
properzy dazmage ...” This repors, as wvell as che tragic descruction
resuliing from the failures of che 3uffalo Creek coal—sascas dam, the Toccoa
Dam, the Taton Dam, and the laursl un Dam, underscores che real need for
accuracs and prompt formcasting of dambreak floodiag.

Advising the public of downscrean flooding duriag a dam failure amer—
gency is cthe raspousibilizy of the Yacional Weacher Servica (NWS). To aid
NWS flash flood hydrologistcs {2 forecascing the inundation resulziag from
dam~failures, the numerical NWS Dam=3reak Flood Forecascing Model (DAMBRX)

Tread 1977,1980) was developed for use with large, high-speed computars to
aodel the ocutilow hydcograph produced by a ti=e-dependent, parsial da=z
bSreach, and rsuts this hydraograph downscrsaz usiag the complacta one=
dizensional unsteady flow equacions while accouncing Sor che effaccs of
dovnscrean dams, bridges, and off-=hannel scorage. Zowever, ia some sizua=
tions the real-tize use of the DAMBRX =cdel 2ay be precluded because
varaing=Tesponse tize (s extTamaly short or adequate compuciag Sacilities
are ao€ availabla. .



To alleviate this potential problea and attempt to improve upon the
accuracy-and versatility of existing simplified dam breach modelling
procedures, the NWS has developed the Simplified Dam—-Break (SMPDBK) Flood
Forscasting Model. With this model, the user may within minutes produce
forecasts of the dambreak floodvave peak discharges, stages, and travel
times. It should be noted, however, that the use of the NWS SMPDBK model is
not limited to NWS flash flood hydrologists. Planners, designers, civil
defense officials, and consulting engineers who are concerned with the
potential effects of a dam failure and vho have limited time, Tesourcss,
data, computer facilities, and/or experience with unsteady flow models may
also wvish to employ the model to delineste the areas facing danger in a dam
break emergency.

This document presents an outline of the NWS SMPDEK model's conceptual
basis. Appendix I givas a step-by-step guide and example of the computa-
tions involved ia the mcdel. Appendix IT presents the FORTRAN computer ccde
for the automated (mini/micro-computer) version of the model and an example
run of that version. Appendix III presents the BASIC computer code for the
aicrocomputer or programmable hand-held computer version of the model.
Appendix IV preseats the HP41C hand~held computer version of the model.

II. MODEL DEVELOPMENT

The SMPDBK model retains the critical deterministic components of the .
numerical DAMBRK model while eliminacing the need for large computer
facilities. SMPDBK accomplishes this by approximating the downstreanm
channel as a prism, neglecting the effects of off-channel storage, concerm
ing itself with only the peak flows, stage, and travel times, neglecting che
effects of backwater from downstream bridges and dams, and utilizing
dimensionless peak-flow routing graphs developed using the NWS DAMBRK
model. The applicability of the SMPDBK model is further enhanced by 1its
ainimal data requirements; the peak flow at the dam may be calculated with
only four readily accessible data values and the downstream channel may be
defined by a single "average” cross-section, although prediction accuracy
increases with the number of cross-sections specified.

Three steps make up the procedure used in the SMPDBK model. These are:
(1) calculation of the peak outflow at the dam using the temporal and geo-
metrical description of the breach and the reservoir volume; (2) approxiaax-
tion of the channel downstream of the dam as a prismatic channel; and
(3) calculacion of dimensionless routing parameters used with dizensionless
routing curves to determine the peak flow at specified cross sections down=
strean of the dam.

2.1 Breach Description

Most investigators of dam-break flood waves have assumed that the
breach or opening formed in a failing dam encompassed the entire dam and
occurred instantaneously. While this assumption may be valid for a few
concrete arch dams, it is not valid for the exceedingly large number of
earth dams. Because earthen dams generally do not fail completely nor
instantaneously, the SMPDBK model allows for the investigation of partial
failures occurring over a finite interval of time. And, although the model
assumes a rectangular-shaped breach, a trapezoidal breach may be analyzed by
specifying a rectangular breach width that is equal to the average width of



the trapezoidal breach. Failures due to overtoppizg of the dam and/or
failures ia vhich the breach boctom does not erode o the bottom of the
reservoif may also be analyzed by specifying an appropriate “3I° parameter
which is the elavacion of the reservoir water surface elevation whea breach
formacion commencss minus the final breach boctom elevation (i.a., “H" is
the depch to which the breach cuts).

The model uses a single equation to detar:zine the maxizum breach
outflow and the user is required to supply the values of four variables for
this equacion. These variables are: 1) che surfacs ares of the reservoir:
2) the depth to which the breach cuts; 3) the time required for breach
formacion; and 4) the final width of che breach. (Yoce: For "pre-event”
analyses, the user =ust estizate the last three variables above. To assist
ia this estizacion, che following table of default values is provided.)

Table l——Default Values for 3reach Descripcion

Value Units Cescristion Cefault

q £e Depth to which breach cuts Haight of dam

3, (33 Final breach width 3 x breach depth (earth dams)
1/4 = 1/2 dam width (conccata

gravity dams) .=
Eacire dam width (concrate
, arch dazs)
Cs . =minuces Time of fatllure _ - B/3 (earth dams)

H/1000 (concrecs dams)

Once the maxizum cutZlow at the dam has Seen compucad, the depth of
flow produced by this discharze =ay be deterained based on the geomecry of
the channel izmediicaly downstrsam of che dam, the Manning "a” (roughness
coefficiant) of the channel and the slope of che downstre=am channel. This
depch i{s then compared to the depch of wacer in che reservoir =3 fiad
whecher it (s necessary to i{nclude a submerzence zsrrTeczion Zaczor for
tailwacer effaczs on the breach cucilow (L.a., 29 find whecher :zhe wacar
downstresam is rascticsing cthe free flow chrough che Sreach). Thi
comparison and (if necessary) correczion allows che zodel 20 srovide =Re
BOST accurats predicsion of zaximm Hreach oucilow which properly acsouats
for the effects of tailwacar depch downscTsam of the dam.

2.2 Channel Descsizcicn

The river channel downstrean of che das to the specified roucing noiac
is approximated as a prismacic channel by defiaing a siagls cross seczion
(an average section thac incorporacss :he zeometcic oroperszies of all
iatarveniag sections via a disctance veighting Zzachaique) and fi:ciag a
machemacical funczion chat ralaces the seczion's widch 29 depch. This
prismacic reprasencacion of :he channel allows 2asy calculation of 3low area
and volume i{n che downsc-eaa channel wnich Ls reguired zo accuracaly predice
the amount of peak $lcw acsanuacion.

Approxizactiag the channel as a prism TaquiZes :hree sceps. Ticse,
topwidth vs. depch data -ust de odtained fTom 2opegraphic 2aps orf survey



noces. For each depth (hy), a distance vweighted topwidth B1 is defined
producing a table of values that may be used for fitting (using leasc-
squares or a log-log plot) a single equation of the form B = Kh® to define
the prismatic channel geometry.

For rivers with very steep valley side~walls adjacent to the channel
(see Fig. la), an additional paramecer (h,) may be specified to indicate the
depth at which the channel geometry no longer follows the B = Kh®
relation. As can be seen in Fig. lb, this feature allows for a more
accurate rapresentation of the true channel-valley shape.

Fig. la. Typical Downstream Cross-Section
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Fig. lb. Approximated Prismatic Downstream Cross-Section

2.3 Doﬁns:rean Routing

After the maximum breach outflow and stage have been calculaced, it is
necessary to route the flow downstream. This routing is achieved by employ=-
ing dimensionless curves developed using the NWS DAMBRX model. These
dimensionless curves are grouped into families (see Appendix Ila) and have as
their X-coordinate the ratio of the downstream distance (from the dam to a
selected cross section) to a distance paramecer computed using the equations
given in Appendix I. The Y-coordinate of the curves used in predicting peak
downstreaa flows is the ratio of the peak flow at the selecced cross section
to the computed peak flow at the dam.



The distinguishiang charactaeristic of each curve family is the Froude
auaber developed as the floodwave moves downstream. The distinguishing
characteristic of each member of 8 family is the ratio of the volume {a che
reservoir to the average flovw volume in the downstream channel. Thus it may
be seen that to pradict the peak flow of ths floodwave at a dowustresm poiac
tke user must firzst deceraine the desired distinguishing characteristic of
the curve faaily and member. This determination is based on the calculation
of the Froude number and the volume ratio paramecer. To specify the
distancs in dimensionless form, the distancs parameter must also be
computed. The equations required for these computacions, as well as ths
equations for decsraiaing the peak stage at forecast points are presentad ia
Appendix I.

The tize of occurTance of tha peak flow atc a2 selected cross section is
detarz:ined by adding the cize of failurs €O the peak travel tize from the
dam to that cross section. The travel time {s compucad using the kinsmatic
wave velocity which is 2 knowm function of the average flow veloeity
throughout the routing reach. The times of first floodiang and “de=flooding”
of a particular elevation at the cross section may alsc be decermined when
the user provides the selected elevation.

I[II. MODEL CONFIGURATIONS

The SMPDBEK zodel was developed for use ia dam failurs analyses when
tize is short or vwhere aain frame (large) compucer facilities are
unavailable to the user. 7or the first reasom above, che model's data
rtequirements have been xept to a ainizum. For the second rsasca, the
model's computational requirements have also been xapt to a ainimum such
that it can de employed with small (aini- or micro=) computar syscams or
even with a sizple, non=programmable, hand-held calculator. To allew for
these three applications, the model has chree versiocns. The fi=st version,
«nown as the “zanual” versionm, allows the user, employing ouly an izexpen—
sive calculacor and the Touting curves provided {3 Aopendix la, to produce
forecasts of the dam=break {loodwave peak dischargzes, scages, and travel
Cizes at seleczad downstream points. To accomplish chis, che user siaply
follows the scep=by-scap guide provided ia Appendix I Zor 2akiag che
required calculacions, providiag data input vhere necessary, and selects the
indicaced values from the routing curves.

The second version, known as cthe “TORTRAN Mini/M{czo-compuctar” version
has been, as its name iapllas, develoved for use on zini-computers or aicso=
_compugers with 3 TORTRAN compiler. The computational procedure fallowed by
this verion is the same as cthac followed ({n che nanual versicn; however, the
computacions are aade by the computer rather than the user, thus signifi-
cantly reducing the cize requiced to prepare a forecasc. This version was
developed for {nteractive use and prompecs the user for ‘aformacion (data) as
it is needed, autcmatically using defauls values (vhere applicable) when Che
user 13 unable %o provide themx. Included L2 chis versica {s a3 "sher:s”
option that zay be employed when cthe only channel crsoss—seccion data
available is chac descsibizg the dam face; the a0del assumes a coastant
channel configuration and provides Sorecast i{aformacicn at seven user~
specifiad noints downscreas. A capy of the TORTRAN code fa3r this version
and an example run are provided {a Appendix II.
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The third version of the model, or the “aicro=-BASIC" version, has been
developed for use on aicro-computers with BASIC compilers. This version
performs the same computations and requires the same data input as the
FORTRAN version and its storage requirements are small enough for it to £it
on most aicro-computers. The “short” option available ia the FPORTRAN
version is provided in this version as wvell. Also, a hybrid of this version
has been developed for use on a hand-held, programmable cosmputer (See
Appendices IIIs and IV). A listing of the BASIC code .and an example run is
included in Appendix III.

IV. CONCLUDING REMARKS

In both real-time forcasting and disaster preparedness planning, there
is a clear need for a fast and economical method of predicting dam-bresk
floodwave peak stages and travel times. The SMPDBK model £11ls this need,
producing such predictions quizkly, inexpensively and with reasonable
accuracy. For example, in test analyses of the Teton and Buffalo Creek dam
failures, approximating the channel as a prisa, calculating the maximum
breach outflow and stage at the dam, defining the routing parameters, and
evaluating the pesk stage and travel time to the forecast points required
less than 20 ainutes of time with the aid of a non-programsble hand-held
calculator while the average error in forecasted peak flovw and travel time
was 10-20% with stage errors of approximately 1 ft. Furthermore, compari~-_ _
sons of SMPDBK model results with DAMBRK model results from test runs of <
theoretical dam breaks show the simplified model produces average errors of
10Z or less. The authors had the advantages, however, of prior experience
vith the model and possession of all required input data, the collection of
which consumes preciocus warning response time in a damrbreak emergency.

To help reduce the time required for data collection, default values
for some of the input data are presented in Appendix I. These default
values may be used by dam-break flood forecasters when time is short and
reliable data are unavailable. Additionally, to help further reduce the
time needed to employ the model, computerized versions of the model have
been developed for FORTRAN-compatible mini-computers and for BASIC language
oicro-computers and programmable hand-held computers (see Appendices II and
III.)

The SMPDBK model is not only useful in a dam-break emergency, it is
also suitable for pre-computation of flood peak elevations and travel times
prior to a dam failure. Pre=computation of dam failures allovws those
responsible for community preparedness to delineate danger areas downstreanm
should the dam fail. Ideally, to obtain the most reliable escimate of
probable flood elevations and travel times, the sophisticated NWS DAMBRK
model would be used in a long-term disaster preparedness study where
sufficient computer resources are available. However, for short term
studies with limited resources, the SMPDBK model will be most helpful {n
defining approxizace peak stages, discharges, and travel times.

In closing, the authors would like to stress that while the SMPDBK
model can be a very useful tool {n preparing for and during a dam failure
event, the user must keep in a:ind the model's limitacions (Fread 1981).
First of all, as with all dam Sreach flood routing models, the validity of
the SMPDBK model's predicticn depends upoa the accuracy of the required



inpuc data, vhether these data de supplied by the user or provided as
default "@dst probable” values by the model. Ta produce the mocst reliable
results, the user should endeavor Co obtaia che best estizaces of che
various input paramscers that time and rescurces allow. Secondly, becsuse
the model asssumes normal, steady flow at the peak, the backwatar effects
csasted by dowvastreanm channel coanstrictiocns such as bridge embanicments or
dams cannot be sccounced for and the model will predict peak depths upstreanm
of the constriction that amay be substantially lowver than those actually
encountared, wvhile peak depths docwustream of the constriction may be over
predicted. PFinally, because the “slowiag down” of the floodwave csused by
temporary off-channel dead storage is not accountad for by cthe model, che
pradiccad tine to peak at 2 certain point may be somewhat shorter than che
actual tize to peak. Racognizing these limitacions and exerzcising good
engineering judgement, the SMPDBK model user may obtain useful dam bresk
flood inundacion iafor=ation with relatively small expense of tizs and
ccmputiag resources.
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APPENDIX I

THE NWS SIMPLIFIED DAM BREAK MODEL
PROGRAM DOCUMENTATION AND USERS' GUIDE
WITH EXAMPLE PROBLEM



The following User Guide is iatended to familiarize che user with the

Sizplified Dam Break Modal's data requiremsncs and the computations ic
perforzs ia producing the information necsssary for delineating endangered
areas downstream of a failed dame Briefly stated the model calculatas the
maximum ocutflow at the dam, evaluactes how this flow will be reducad as it
@oves {rom the dam to the downstreas point(s) specified by the user,
detarmines the depth attained by this flow at the point(s) and finally
computes the time required for the flow to reach the point(s)e All of chese
calculations utilize iaformaction (data) supplied by the user, 2 summary of
which is given below. Tha user should zots thas whils the =odel supplies
default values for z:any of these input variables, the 208t accurata cssults
are produced when the nost accurace data is encared and the authors scromgly
urge the use of the best possibla estinacas of variable values for each
study case.

Table Ae Sizplifiaed Dam 3reak “Ycdel Inovut Variables

Dam Crest Slevacion (Top of Dam)
Fizal 3reach Boctom Zlevatcion
Reservoir Scorags Volume
Reserveoir Surface Area
Tlaal 3reach Widch
Tize Required for 3reach Tormacion
Turbine / Spillway / Overszopping Flow (at :ize of failure)

Topwidzh (discancs betveen equal cantours) vs. (concsur)
Zlevation data for one or z0re downstTaam civer valley
czoss-seczions

Manning Roughness Cofiicient (estizace Zar each given
czoss~-seczion)

Flood Depch (depth ac which floodiag becomes a sroblem)
at each crass-sec:ion

Qeight of Vallay Wall (required for rouciag through
caayons)

Channel 30c:zsx= Slope {required L3 cnly one downszrTasm
czoss=seczion Ziven)

l-dv .



MAXIMOM BREACH OUTFLOW DISCHARGE AND DEPTH CALCULATION

To deteraine the maximum breach outflow (Q““) from the dam the user
must first obtain the following data values:

Ay = Reservoir surface area (acres) at maximum pool level

: Depth (ft) of maximum pool level above f£inal breach elevation
B. - Average final breach width (ft)

ts = Time of failure (minutes)

Q Additional (non-breach) outflow (cfs) at time te (L.e.,

)
spillway flow, turbine flow, and/or crest overflow) (optional

data value, may be set to 0.)

Defaults: The reservoir surface area may be estimated to be equal to twice
the reservoir volume divided by the dam height. The breach depth,
H, may be set equal to the height of the dam. The average final -
breach width may be estimated to be one to three times the height™
of the earth dam and the entire width of a concrete arch dam. The
time of failure may be estimated to be near zero for a concrete
arch daa (see following subsection on instantaneous failure) while
the breach erosion rate for earth dams is generally around 2 feet
per minute ({.e., ty; minuces = H/3).

These values are substituted into the broad-crested weir flow equation to

yield the maximum breach cutflow (Qbu;x) in cfs, {.e.

Qbmax = Qo * 3.1 8. . + C 1

23.4 A
where C = —_— (2)



Instantanecus Failure

Ia scme situacions whers a dam fails very rapidly, the negative wave
that forzs in the reservoir may significancly affect che outflow from che
dam. Ia such cases, a special equation (Zq. (la)) musc be used to compute
the saximua breach outflove The constraint that indicates whether Zg. (la)
should be used is as follows:

If cize of failure in min. (gg) < 0,001 * Height of dam in feet (Bd),
then:

Qumax = 3-1 3, (I, 1) 8,%/2 , (1a)
where:
. 3 2
£ 2 3 52
I, = |10 » 0.148 |35} (a+1) % - 0.083 () cavl) 3 ~
2
/4

3. 1/2 3 1
In = |1.0 - 0.5467 3 (=2el) + 0.2989 (3‘) (=rl)

3 4

3_ 3
-0.1634 (;—) (=18 + 0.0893 (;—) (z1)!/18
.S 3/2
- 0.0486 (f-) <=v1)“3z] ($)

<herse: 3, = 3reach widch
® 7allay copwidth at dam crasc
iy = Aeight of dam
2 = Channel fizz2ing coefficiane



Maximum Depth Calculation

Once the maximuam cutflow has been calculated, the maximum depth (hpag)
at che downstream face of the daa must be determined. To do this, the cross
section (X-section) at the downstream face of the dam must £irst be "fitted”
(approxizated) with an equation of the form B = Kh® (topwidth = K » depth®)
where K and a are the fitting coefficients computed using the following
least squares algoritchm:

(I 108 n) (I 108 3,)

[ ((logh) (10g8)] - 1
m - 2 2 (3
! (log h)) - (I 108 hi)
Y
! log 8 7 logh
log R = ——~ - 4 —= (6)

K = 10¢108 X) (6a)

where: 81 is the topwidth associated with depth hi’ {=1,2,3,...I (total
number of topwidths)

For rivers with very steep valley side=walls adjacent to the channel
(see figure la), an additional parameter (hv) may be specified to indicate
the depth at which the channel geometry no longer follows the B = Kh3
relacion. As can be seen in Figure lb, this feature allows for a more

accurate representation of the true channel-valley shape.
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Figure | (a) and (bH)

Oncs the K and @ paramatars have been computsd for the dam face cross
section, the flow (Q,) thac produces the depth (h ) (shown above) msc be
evaluatad and compared with annx to determine whather the zaxi=zum depth is
above or belew h,. The flow Qv {s evaluated using the Manniag equation, i.s.,

Jlag 172 g (2 + 5/3)
A ((:4- n”’) o @

where: a ® Manning roughness coefficiant
S = Channel bottom slope izmediately downscream of dam
X &§ @ = Channel fiz2ing cocefficlents

Nota: The Manniag roughness ccefficient may be estizacad to be 0.04 for a
cToss-section located i3 an area of pascureland, .07 for a
amoderactely wooded area and 0.10-0.15 for a heavily wooded area (use
the hizher value to account far effacts caused by significant

anounts of debris in che downstream valley).

s Q, is found to be greacer than anax’ then 1 custc e grsacer than
hmax' and hazx {s detar=ined using che relacion:

o /P
R o= (2’.5) (8)
3ax a

<hers a =

S ————— (9)

b=a+35/3 (19



If however, Q, is found to be less than Quauax then h must be less than
hoaxe #0d b o is calculated as follows:

/S
LI p(waj *Yh (11)

' ! 3 ‘ (12)
wvherse: p = 1
[t(n s 1300 hv‘"]
m
" a+l (13)

and a i{s defined by Eq. (9).

Submergence Correction1

The maximum breach outflow must be corrected iteratively for submer—
gence resulting from tailwater effects if the computed maximum ocutflow stage
(hmax) is greater than (0.67 hvcir) vhere hweir is the head over the weir
(breach) at time ts as expressed by the following relation:

2
C

hwcir - C (14)

e */E
where C {s defined by Eq. (2).

If the ratio of (hmax/hwcir) is greater than 0.67, a sumbergence
correction factor must be computed as follows:

* h ax 3
K =1 -27.8 ;L- - 0.67 (15)
s velr

l Note: Submergence correction need not be made ia the event of an
instantaneous failure.



This value for K, * is substituted iato Eq. (15a) to obtaia an averaged
submergence corrsction factor given by che following:

K*ad 3 (15a)

vhers the k superscript is the {iteration counter and the first iteration value
for K,° is L.

L ]
Noce: In some situations, the corrsction factor Ks, aay be computad to be
lass cthan 0.8, i{a which case it should be reset 2o 0.3 to pravent

over—compensactizg for submerzencs in the firsc i{ceration.

This correction factor is applied to the breach cutflow 2o compuctas the
corracted breach cutflow as follows:
-3
Qb = K’ . Qb . (16)

=1
. ° - 4 [
Jhere: Qb Q’ < {2 the £irsc {zeracion

The corTected breach outflow (Qb‘) {s cthen compared with Q,, and a new
cutcslovw depth (hnaxk) Ls calculated using 2q. (3) or (l1l). Also, Secause
there is decr=ased flow chrough the bdreach, there {3 less drawvdown. Thus,

the head over che weir (hueir) =usc be recalculated using the reigcion:

e (see,)

% k=1 <=1 k'3
Neir = Pieir * = Q

&l

an

g

(3qei2,)
s

¥ow the racio of the o new values, h___%</% ® {3 used ia Tg. (15) zo

2mx ' ‘Jeir
compute a nev submerzencs corTecsion faczor.

1 the 2ev zaxizum breach cutilow compucted wia I3. (15) Ls
significanely differenc (= 3X) from that compucted ‘1 the srevious i:zsrationm,
the procsaduse i3 repeacted. Swnerally, vizhia zve ar
thiree itarations che &, value will converse and a suizable value for the
2axizum dreach suctilow (Jy) Ls achieved vhich jraperly aczounts for the
effecss of submergencs.



EXAMPLE MAXIMUM BREACH OUTFLOW DISCHARGE AND DEPTH CALCULATION

The following data on the reservoir and breach are gathered:

Reservoir surface area at max pool level, Ag» = 350 acres
Height of max pool level above final breach elevation H, = 50 fe
Average final breach width (estimated), B, = 100 f¢
Time to maximum breach size (time of failure), Cey = 45 minutes
Additional ocutflow at time tes Qy» = 5000 cfs

These values are substitutad into E3s. (1) and (2) to determize the maxizuam
breach outflow, i.e.

. 23:4 (350)
c 5 81.9

3 -

| 81,9 . .
Qbmax = 3.1(100) s . a9 * 5000 = 95800cfs

From a topographic map the following cross-sectional data is obtained:

Table | - X-SECTION DATA FOR EXAMPLE PROBLEM

Mile 0.0 Mile 12.3 Mile 40.5
Elev Topwidth Elgv Topwidth Elev Topwidth
5532 0 5483 0 5370 0
5540 480 5490 400 5380 590
5550 900 5500 770 5390 930
5560 1300 5510 1330 5400 1440

5570 1350 5520 1400 5410 1460



To ¢omputs the K and a fitting coefficients for the X-sectica at the
downscream facs of the dam, the X-sectional data at mile 0.0 is reduced by
subtzacting the channel invert slavation from the elevation asscciated with
each topwidth, producing table 2. .

Table 2 — TOPWIDTR VS. DEPTH AT DAM FOR EXAMPLE PROBLEM

Dench Topwideh
Q Q
3 430
13 900
28 1300
38 1350

Examinacion of this reduced data iadicacas thsc, because the topwidths

iocTease very slowly above a depth of approxizacely 30 feet, a r=asonable
value for h, {s 30. '

This reducad dacta i{s used in Z2gs. (5)=(6a) co decarmine che X and 2
coefficients of the equation B = 1yl,

Table 3 — VALUES USED IN LZAST SQUARES COMPUTATION
OF X AND M COEFFICIZNTS AT 2AM

L ony log hy log h,)? 3, log 3,  (log 4,)(log 3,)
1 8 0.90 0.82 480 2.53 2.2
2 18 1.26 1.58 - 900 2.35 .71
3 28 1.45 2.09 1300 .11 4.51
- IL, - - - - -
4 10 1.43 2.18 1310% 1.12 4.50
- 5.08 8.67 11.37 13,24

*Linearly interpolaced.



- 15.26 - {3:08)(11.87)

) W - 0.78

)
6.67 - £3:08)

Log k = 2287 _ .78 (2:98) . 1 g8

K = 10 198 X . 95,76

To calculate the maximum depch at the dam, the value of Q, must first be
determined using Eq. (7). The channel boczom slope immediately downstreanm
of the dam, S, is determined from the X-sectional data, i.e.,

(5532 - 5483)

S = = 0.0008
(12.3) (5280)

and the Manning roughness coefficient, n, for the downstream channel is
estimated to be 0.045.

Thus Qv is calculated as follows:

1/2
q, = 222 (.0008) 23.76 5/3) 30y ©78 %373 1136976 cts
' (0.78 + 1)

Because Qv is greater than Qbmlx (95800 cfs), Zq. (3) i3 used to determine

hmx. {.a. ’
1/2
a =122 5008) 33:76 __\. 33,31
20645 >
(0.78 + 1)

b= 0.78 + 5/3 = 2,45

9sggg (1/2.43)

max =~ 33.31

h = 25.81 f¢e
[8X




To chack for submergence, the head over the weir (breach), Riqips 13
calculated usiang 5q. (14), i.e.,

81.9
- -“.
D eir s . SL0 l e

L1} 50

Then che racio of hp,y ©0 MW,qir 44 checked as follows:

h
- I KL
veir *

Because the ratio is less than 0.57, the tailwater does 10t affect breach

outflow.

o



DOWNSTREAM ROUTING

The peak cutflow discharge determined in the preceding Step may be
routed downstream using the dimensionless routing curves in Appendix Ia.
These curves were developed from numerous exscutions of the NWS DAMBRK Model
and they are grouped into families based on the Proude number associated
vith the floodwave peak. To determine the correct family and member curve
that most accurately predicts the attenuation of the flood, the user mist
first define certain routing parameters.

- Prior to defining che routing paramaters, hovever, the user must first
describe the river channel downstream from the dam to the first routing

point as a prism. To describe the river channel downstream of the dam as a
prismatic channel the user must reduce the topwidth vs. elevation data (see
table 1) for the first two cross=sections. This cross-section data {s reduced
(see table 4, p. I-24) to depth (h) vs. topwidth (B) data by subtracting thes
channel invert elevation from the elevation associated with each topwidth aé.a
given cross-section. Fern this reduced data, an average cross section may be
determined using the following algorithm.

For each depth (hi)’ the average topwidth (51) is given by the
relation:

(3

- 1,1 *B

)
1,2 (18)

Where: hy is the Lth depth, { = 1,2,3 ,.. I (number of topwidths per

X-Section)
Bi.g 1s the 1th topwidth (corresponding to the Lth depth hi) at the
j: X-section where j = 1,2

Ei is the average i:h topwidth

Note: The preceding calculacion is unnecessary when depth vs. topwidth

data i{s available for only one X-section.

I-13



The table of valuas produced by defining an average topwidth (ii) for
each depth (hf.) may then be used for fitting (using least squarss or a log~
log plot) a singls equation of the forz B = Ka® to define the prismacic
channel geometry. The fizting coefficients 'K and = =ay be compuced usiag
the following least squares algorithms

- 1 (ceen) oedp] - 2 Loe h’)]:(z e 3 u
2 _ (1 tos 1) :
I

! (leg n

(6b)

_ g Loggt-a(z 1ogh,_>

log X = T T

K= w(log k) (6e)::

Using these average cross—section fitziag coefficients, the user =st
recomputs the maxizua depth at the dam using ;:q. (8) or (11). |YNots,
however, that a nev check for submergencs need not bde made. This radefized

value foc h: < 9ill be used {a computing the routiag parameters givea i3 the

a
followiag section.

outing Paramecers

The distcance paramecar (xc) {3 calculated using either Zg. (19) or
(19a). If che heizhet (Hd) of the dam is less than h  (defined earlier), che

discancs parazecer is compucad as follows:

(z=1) [voL_ 5
X, (f2) = — = - (19)
o\ T\ e s 0™

I=-14



vhere: VOL, = volume in reservoir (cubic ft)
"Ksa = average channel geometry fitting coefficients

By = height of dam (ft)

If the height (8 ) of the dam is gTreater than h v? the equation for x

is g:l.vcn by the tcuowing.

6 VOLt
X, (£e) = - (19a)
: ah
kn ™ (aud -5 _—"-)
o+l

_Within the distance (Xc) in the downstreaa reach, the floodwave attenu-
ates such that the depth at point Xc is hx (see figure 2), which is a function

of the maximum depth (hux)' The average depth (l-x) in this reach is: }

h +h
(20)

where 8 i{s an empirical weighting factor that must be determined itera-

tively. The starting estimats for 9 is 0.9S.

Figure 2

The average hydraulic depth (Dc) in the reach is given by Eq. (21) or

(22) as follows:

I-15



CASE I: 1 <Q), then D = 322 (21)
- (Qbaa: & ¢ arl

. ' hv
CASEII: 1£(Q, > Q), thes D _=8h_ _~-h *=r (22)

The average velocity ia the reach is given by the Manning equation, il.q.:

/2 23
v =i (o) (23)

wvhere S i{s the slope of the chaanel from the dam 2o the routiag point.

The average velocity (Vc) and hydraulic depth (Dc) are subscituted iaco.
Eq. (24) to deteraine the average Froude number (?c)lin the reach as follows:

v
QT == (243

whers: g = 32.2 t:/sccz (acealeracion of gZravizy)

' -
The dizensionlaess volume paramecer (V ) that {dentiiies che specific
zenber of the curve family for the computed Troude nuzber L3 the ratlio of the
reservoir storaze volume to the average Zlow voliume wizhia zhe xc rsacl. <ne

average cross sectional arsa of flow (Ac) 13 givem "y Zg. (13) or (25) as

follows:
CASE I: 22 (Qy_ < Q,), then 4 «%Fsn )33 23
=3 < 2ax <
CASZ II: 12 (Qy > Q,), thea A =%u 70 (25)
aax < v <

4
e volume parazecter (7 ) is decarained Sy dividiag ctae average Slow
volume (Acxc) iags cthe reservois scorage voluze (VOL_), L.a.:

*r_14L



.. VOL
~= ¥ ek (27)
ccC

To summarize this section on routing parameter calculation and to allow
for quick reference, the following table of equations is presented.
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Routing Curves

Kaowing the value of P, and v', the user may consult the specific curve
(see Appendix Is) defined for these values (interpolation may be tecassary)
and check the original estimate of the valuc of O used ia Eq. (21)=(27).
The ordinate of the routing curve at x = | 1s cthe ratioc of the peak flow
(Q ) at x to Qbuax. Kaowing Q » the user may determine the stage (h ) at
X using !q. (8) or (11) with :ho average channel fitting co.ffici.u:s. The
v;lu- of 8 1is checked by rearranging Eq. (20), i.e.:

Raax " Ny
8= (28)

2h
max

If there is a significant difference in the new value of 8 from the
initial estimate of 8 (e.g., £5%), Eqs. (21)=(27) should be recalculated an&v:
the new value of 8 rechecked. Generally, within two passes the value for 9 = _

will converge.

Knowing the proper routing curve for predicting peak flow attenuation,
the user may then non-dizensionalize the distance(s) dowvnstream to the
forecast point(s) using the relacion.

]
X, = 'x':' (29)

where X, is che downstream distance to the 1! forecase point, { = 1,2,3,...

To find the peak flow at Xi,‘:he user consults the proper family of
routing curves and finds the ordinate of the specific v* curve at Xi'.
Multiplying the value of this ordinate by Qb ptoduces the peak flow (Qp)

at Xi miles dowvnstream of the dam.
The time of travel for the floodwave to X1 is computed by firse

calculating the reference flow velocity at the aidpoint becrween the dam and
xl' The user must determine, from the routing curve, the peak flow (Qx/Z)

I=19



at (:1/22_7 miles downstream of the dam. This flow {s mltiplied by the
faczor (0.3 + ;{10) and subscitucad iago Eq. (30) or (31) to fiad the
refersace depth (b, ).

/%
I£ Q< Q, thea «co b = (-2-) (30)
whers & and b ace defined by Egqs. (9 and 10).
I:Q)Qv, thtn...h-pqals#Yh (31)

v

where 0 and Y are defined by Eq. (12) and (13).

The reference hydraulic depth is givea by Eg. (32) or Eqe. (33) L.a.:

. n N
: -} 2
CasE I: If LI <h , then Dxiun’l (32):=
h
. A4
CASE II: 1If h:ef > h, thea Dxl = htlf ~h, * T (33

The reference flovw velocity is given by the Manning equation, l.a.:

v (fo/s) =2 g1/ 4 273 (13)
h 4 o ¥

L ‘ *

This value for in {s substizuced {at9 che vave cslarity equation
(Eq. (35)) eo %2iad the vave spead.

Clai/hr) = 0.682 ¥ [5/3 -2/3 (7’-) (29
it =+l

The cize to peak (s chea ziven Sy 3. (36) as 3llows:

1-20 .



xi(ui)
- :Pi(hr) - ce(hr) +m (36)

where: ¢, (hz) = time of failure for dam (minutes)/60

To compute the peak depth at mile X,y the user must fit K and o
coefficients for that X-section by substituting the specific depths and
topwidths ac mile X, into Egs. (5)=(6a). The peak flow at mile X, is then
compared with Q, (Eq. (7)) and Eq. (30) or (31) is used to find the peak
depth (hxi) at oile X,.

The user may wish to determine the time at which flooding commences
and/or the time at which it ceases. To do this, the user must first specify
a flow rate, Qg that corresponds with flood depth at the X-section.

Q = ahn,’ a7y

where hg = flood depth
and & and b are defined by Eqs. (9)-(10) using the K and a
coefficients fitted for the X-section at mile X

This value for Qg {s substituted into Eq. (38) to determine the time to
flooding, Cerqr 39 follows:

:E(ht) (38)

:nd(hr) - :p (he) -

1 Q. -Q
vhere tpi i{s the time to peak calculated in Eq. (36)
ts 1s the time of failure for the dam, and

Qy is the nonbreach (spillway/turbine/overtopping) flow.

To determine the time flooding ceases, ty» the value of QE is substituted

into the following relation:
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26,2 VoL Q"%

“rgE) s (an) + | ———F = e (an)f [ —— (39)

. Q - Q Q -Q
oo Py O

vhere VOL, {s the reservoir storage volums (ac—ft).

Te route the peak flow downstraam to cross sections 3,4,000, the user

mst detarmine the discance Jeizhted average cross section between the dam
and the roucting poiat and £it new K and ;'parann:ars to this cross

section. From the reduced data, a distancs veighted average cross section
2ay be detarmined using the following algorithm,

For each depth (hi)’ the distance veightad topwidch <ii) is given by

the ralation:

(3, , +8, ) (3, +3, )
1.1 120 0l S U0 e A
2 (x: Xl) + cee ¥ (xJ x'r-ll

EL - (40)

X; = x)

“here: hL {3 zhe L:h depth, { = 1,2,3 ... I (number of topwidzhs per
X-section
Byvy i3 the 159 copuiden (corTespondiag co =he L 7 depeh h,) at
the j:h X-secsion where § = 1,2,3, ... J (quaber af {-secszions)

3, L3 che weizhead 137 copwiden

xj is the downscream distanca to the {7 X-secsion.

The table of values produced by defiaing a discance weigzhzad zcpwidch
(51) for each depth (h,) zay them be used for fizsiag a single squacion of

the form 3 = W2 =5 define the prismatic channel geomezTy. The fizsing

coeflicients X and 3 zay Se computed usiag the least 3quares alzorictha given

in Zgs. (Sa)=(%e).

I=22 .



With these weighted aversge K ind @ coefficients, the user must then
ncomﬁc & peak depth at the dam and nev routing parameters using Egs.
(20)=(27). The.user may then route the flow to cross-sectiom 3,4, ... J by
following the procedure given above. '

"
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EXAMPLE SIMPLIFIED DAMBREAK DOWNSTREAM ROUTING

To route the flow from the dam £O the cross section at mile 12.3, che
user must firsc define an averags cross section for the reach and then

£1t K and @ coefficients. Reducing the data given ia Table l produces the
following table.

Table 4.—TOPWIDTE VS. DE®TH FOR EXAMPLE PROBLEM

al. O d Hil. 1 2.3
Depth Topwidth Cepth Topwideh*
0 o} 0 0
8 480 8 437
18 900 18 8256
28 1300 23 1337
38 1350 38 1497

"izearly iaterpolatad to agree with depth vaiue at aile zero.

To decaraine the average X-section, the depth vs. copwidth daca is
subscitucad inco the relacion given in =g. (l3), Lf.e.,

far h1 = 3,
31 » ———— - 4585

for hz = 183

300 + 325§
] SE——

3, 3

863
for h: - :3,

1700 - 13117
, = =R . s

I-2
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The average cross section data is used in Eqs. (5a)=(6c) to determine
the a;itagc K and a coefficients for the reach.

Table 5.— VAUES USED IN LEAST SQUARES COMPUTATION OF K AND M

1 h log h, (log hy)? B, log B;  (log h,)(logs,)
18 0.90 0.82 458 2.66 2.40
2 18 1.26 1.58 863 2.9 3.69
3 28 1,45 2.09 1318.5 3.12 4u52
- hv - -
4 30 1.48 2.18 1330.5 3.12 4,61
5.08 6.67 11.84 15.22

15.22 - (508)6(11.84)

o= > = 0.82
6.67 - (5028)

- 11.84 5.08
log K = n - .82 (-z-,- 1.91

R =108 K _ 81,75

With these average K and ; coefficients, the max depch at the dam may
be recomputed using Eq. (8) as follows:

as= %‘%% (.0008)1/2 ( 81.73 5/3) = 27.29
* (0.82 + 1)

b= 0.82 + 5/3 = 2,49

(1/2.49)

235800 - 26.49

wax | 27.29
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The da:a_gaqni:td for the flow routing computatiocns are as follows:

VOLr = 8750 ac=ft (reserveir volume)

By = 50 £z (height of dam)
Qba;: = 95800 cfs  (max breach ocutflow)
' Bpgx ° 28.49 ft (cecomputed max stage at dam)
h, = 30 £ (height of valley wall)
a = 0.82 (ficting coefficient for average cross section)
3 = 81.7S fizting coefficient for average cross sectionm)
] = 0.0008 (channel bottom slope from mile 0.0 to =mile 12.3)
a = 0,045 (Manning roughness coefficient)
he = 10 £z (flood stage at mile 12.3)
Q = 5000 cis (indcial flow)

Because (B4 > h)), EZ3. (19) is used to compuce X.. -

6 7OL
r

a an,
4 hv (JHd -5 ;:T)

Xc(ft) -

6 (3750) x 43560 (£23/ac=f2)
- ——— = 20600 2z (3.9 13i)
81.75(30)0'32(3(50) -3 ——'3“"“)

l.32

The first escizates for 2 is 0.95.

3ecause (Qb < Qv) the hydraulic depth (Dc) is Ziven Sy 2g. (21),
3ax

{.0¢:

3 h___ 0.35 (26.49)

b= T TTar T HE



The average particle velocity in the xc reach is as follows (Eq. (24)):

1.49 .1/2 2/3 _ 1.49 1/2 2/3
v = —uis )2/ = 22 (0.0008)!/2 (13.83) 5.24 fr/s

The Froude number developed by the floodwave is determined by the
following equation (Eq. (24)):

v S.24
F = - = 0,25

Because (Qb < Q, ), the average cross~sectional area (A ) of the wave
is given by Eq. (25). {.e.:

a 0.82 2
A, = K@Bh )T D_ = 81.75 (0.95(26.49)) (13.83) = 16158 (ft )

The volume parameter (V*)is as follows (Eq. (27)):

ot et 8750 (43560)

Ac Xc (16158) (20600)

= 1l.15

To check the original estimate for 8, the family of curves for
= 0.25 1is examined to find by interpolation the racio of Q /anx for

(V = 1.15) ac (X" = 1)e This ratio is found to be approximately 0.60,
indicating that the peak flow at Xc is

Qp ac X, = (QP/Qbmax) (Qbmtx) = 0.60 (95800) = 57480 cfs

Because this peak flow i{s less than Q, (Eq¢ (7)), the depth reached by
the floodwave at X. is given by Eq. (8) as follows:
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as= 14_2.31/2(_5_5,,?)_ 27.29
(a+l)

bea+5/3 = 2,49

o (37480 1/2.43
x 27.29

= 21.81
th

This value of h, is subscituted {ago Zq. (23) to ru-sulun the <2
original estizate for 9 :

h +h 26,49 = 21.61
3 = -33%__X

2 h ® T (6. - 0.9t
23X

3ecause the re-evaluated 3 is wishin (233) of che original escizace

for 3, cthe !‘nicilal calculacions are aczeptadble and z:e accanuacion of the

£flood peak nay “e predicted using the curves for o = 0.25 and {aterpolating
]

VvV = [.15,.

The dimensionless discances (XL.) o at aile 12.3 i{s as Sollows:

12,3 12,3
1 "% ° :csno> = .15
¢ ( 5230



The ratio of (Q /Qb ) at ol 3-15 is found by interpolation to be 0.34,
indicating the peak flcv at aile 12.3 to be (0.34) (95800) = 32572 g5,

To determine the time to peak at the forecast point, the velocity of
flow at the midpoint between the dam and the forecast point must be
deternined The ratio of the average pllk flow (Qg/3) to Qb in the 12.3
aile reach is found on the curve at X = 1.58.

»
X, /2 = xi/zxc = 12.3/2(3.9) = 1.58

This ratio is 2pproxizately 0.5, indicating the midpoint peak flow to
be (0.5 x 95800) = 47900 cfs. This flow is multiplied by the factor (0.3
n/lO) to compute the referencs flow Q = (3 + .82/10) 47900 = 18297,

Because this flow is less than Qys Eqe (30) is used to detarmine the

reference peak depth in the reach as follows:

/v 1/2.49

: Q
ref 18297
Pres ( a ) - (27.29) = 13.65 te

The midpoint reference hydraulic depth in the reach s found using
Eq. (32), {1.e.:

hooe
13.65 _
Dt ” m—l L.a2 = 730

The average particle vclocitf is determined by substituting this value
of Dxl into Eq. (34) as follows:

23| 1/2 2/3
v -ldds (DXL) = $22=(.0008)  (7.50)

V_ = 3,48 fg/sec
L
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Thus, che vave cslarity as detarained with Eq. (35) is:

C = 0.682 (3.48) [s/s 2/3 (fzz)] - 3.25 mi/hr

The time of travel for the flood peak to the forscast point at mile 12.3 is
given by Eq. (36) as follows:

, @e12.3) =7, + 432 13 .05+ 232

Cp » 4,54 hrs

To coupu:o the peak stage ac au. 12.3, che user must ti-st computa :hc

K and @ coefficients for chat cross uezion. This is done by firsc rldncinrs_
the L{-sectional data atc aila 12.3 from cable | as follcws:

Table 6§ — TOPWIDTE VS. DEPTE DATA AT MILZ 12.3

Daotch Toowidth
7 400
17 770
27 1330
7 1400

Substituting this reduced daca Lato Zgs. (5)=(8a) produces a X value of
71.96 and an a3 value of 0.87. These values are subscizused with the peak
f£low iato Zq. (8) to computs the peak depch ac aile 2.2 as follows:

- ..-59 (.008) 1/2 71.96
«d (0.87 + 1)

= 223,12

3/3

b= 0.87 +5/3 = 2.53



oy V2
B2t (w'l)zs.xz =17

To determine the time to flooding (floodwave reaching flood scage), the
flow, Qg, associated with the flood stage, he, (10 f£t) must be computed.

. a/h D = 2.53
Q = a(ny) = 23.12 (10)
Qg = 7834 cfs

This valus for Qs is enhstituted {into Eq. (38) to calculate time to
flooding, Ce1q» a8 followe

Q -Q
¢ ap - [2"£f) .
£1d P (QP - Qo) £

32572 - 7834

= 450 - (32572 - sooo) (0.75)

t = 3,87 hours

£1d

The time at which the flooding ceases (floodwave drops below flood
stage is calculated using Eq. (39), i.e.,

24,2 VO Q. -Q
td = ¢ + [Q _QLR‘tf] (—L——Q 'Q£>
P ] o P 0

- 24,2 (8750)  _ ( 32572 - 7834 )
3.54 + [(32572 -~ 5000y - 0+73 (32372 = 50007

td = 10.76 hours

Routing the flow to mile 40.5 requires the fitcing of X and 2

parameters to the distance weighted average cross section for the reach.
The reduced cross—secticnal data for the reach is given in table 6.
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Table § — TOPWIDTH‘VS..D!PT! FOR EXAMPLE CEANNEL DESCRIPTION

Mile 0.0
Depth Topwidth
(o] 0
8 480
18 900
23 1300
38 1350

Wle 12.3
Depth Topwidtch®
0
8 437
18 826
23 1337
38 1407

¥le 40.5
Depth  Topwidthe
0 ]

8 472
18 862
23 1333
38 1456

*Linearly i{acarpolated to agree with depth value at aile zsro.

To deteraine the distance weightad average X-section, the depth vs.
topwidth data is substituced iato the relation givem ia (Eq. (40)), f.4e,

for by = 8§,
480 + 437 437 + 472
5 a2 (12,3 20.0) + TT— (40,5 - 12.3) 455.7
! (40.5 = 0.0)
for hz = 18;
900 +« 326 - 825 « 342
- * 7. - 0 (3 .5 - Zo
3, 2 (12.3 = 0.0) i (40 12.3) | auea
(-’00.5 - 000)
for h: - 23.
1300 « 1337 1337 « 1338
- > " ) - T —— 120. % =
3. - 2 (13.3 0.0) 2 30,5 12.3) - 1331.7

{(40.5 = 2.3}
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Examinaticn of the X-sectional data indicates chat, becsuse the topwidths
{ocrense very slowly above a depth of approximately 30 ft, a reasonable value
for h, is 30,

The distance veightad average cross-section data is used in Eqs. (Sa)=(6c)
to deternine the K and @ paramaters of the equation B = Kh®,

Table 7 — VALUES USED IN LEAST SQUARES COMPUTATION OF K and a PARAMETERS

1 n log b, (log hy)? 3, log By  (log h,)(logs,)
1 8 0.90 0.82 455.7 2.66 2.39
2 18 1.26 1.58 849.8 2.93 3.67
3 28 1.45 2.09 1331 3.12 4,51 -
- hv - - - - . . -
& 30 1.48 ' 2.18 1383 3.14 4,64

5.08 6.67 11.85 15.23

15.23 - (s.oa>a(11.as)

a= - = 0.84
6.67 - -(5“&

Log & = 8% _ 0 a4 (&) - 1.89
K =10 198K 293,

With these distance veighted average K and a parazeters, the new peak
depth at the dam i{s found to be 26.53 feet. This value is used in Eqs.
(19)=(27) to compute the following routing paramecers.
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= 20605.6 « 3.9 =i
ax = 25+20

- 13.70

- 5.22

- 0,25

= 16110

= 1,15

“H

»
T ot a2 Z

The dimensionless distance to aile 40.5 is (40.5/3.9) = 10.4. The
ordinacts of the Qp/an‘x curve at V¥ = (.15 and X* = 10.4 is {ntarpolaced to
be approximately 0.15 iadicatiang the peak flow ac aile 40.5 is 95800 x 0.1S
= 14400 cfs. The amidpoint flow (at mile 40.5/2) is found to be 21737.S.

The refersace flov is (.3 + 0.1 * 0.84) x 21737.4 = 8347.16 which producss a
Tefersnce depth of 10.05. This value is used Egs. (32)=(36) to find a time -
to peak ac aile 40.5 of 16.21 hours. s

The true K and 2 coefficients at mile ;0.5 are 92.1 and 0.80,
respectively. These values and the peak flow value are substituted iato
Zq. (30) to compute a peak depth ac =ile 40.5 of 11.98 feet. 7inally, the

tize of flooding is found to be 15.85 hours and the tize to “defloodiag” is
found o be 28.48 hours.
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APPENDIX I (a)
THE NWS SIMPLIFIED DAM BREAX MODEL
FLOW ROUTING CURVES
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